Abstract
INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is characterized by large vacuoles of triglyceride which accumulate in liver cells via the process of steatosis in non-alcohol users. The condition can progress into more serious liver diseases, such as nonalcoholic steatohepatitis (NASH), liver fibrosis, cirrhosis, and more rarely, liver carcinoma [1] . It is increasingly recognized as a major cause of liver-related morbidity and mortality. NAFLD is common in Western countries. However, an increase in the prevalence of NAFLD has been observed in China. The underlying mechanisms of disease progression are poorly understood. Diet and lifestyle changes are primary therapies in the management of these patients. Specific pharmacologic treatments for NAFLD/NASH are progressing, such as insulin-sensitizers [2] [3] [4] , lipid-lowering drugs [5] [6] , antioxidants [7] [8] , and anti-tumor necrosis factor (TNF)-α agents [9] [10] [11] . However, most of these are not licensed therapies for NAFLD, despite the abundance of clinical trials.
Recently, a new treatment strategy using probiotics was proposed. A probiotic is a live microbial culture or cultured dairy product, which plays a fundamentally important role in health and disease [12] [13] [14] . The human intestinal microbiota is composed of 10 13 -10 14 microorganisms whose collective genome contains at least 100 times as many genes as our own genome, representing 500-1000 species in total [15] [16] . Miele et al [17] provided the first evidence that NAFLD in humans was associated with increased intestine permeability, and that this abnormality was related to the increased prevalence of small bowel bacterial overgrowth (SIBO) in these patients. The increased permeability appears to be caused by disruption of intercellular tight junctions in the intestine, and it may play an important role in the pathogenesis of NAFLD. Loguercio et al [18] have shown that probiotics may reduce NAFLD liver injury and may improve liver function. Probiotics can inhibit the proliferation of harmful bacteria, reduce SIBO, restore gastrointestinal barrier function and modulate the immune system [19] [20] [21] , all of which contribute to the improvement of NAFLD.
Therefore, the aim of this study was to conduct a meta-analysis of the pooled data from RCTs to assess the efficacy of probiotic therapies in modifying liver function, fat metabolism and insulin resistance.
MATERIALS AND METHODS

Search strategy
We searched Medline, Embase, Web of Science, Chinese Biomedicine Database and the China Journal Full Text Database with no language restriction. The search terms were: "(NASH or NAFLD or "nonalcoholic steatohepatitis" or "nonalcoholic fatty liver disease" or "fatty liver") and (probiotic* or prebiotic* or synbiocit* or bifidobacter* or Lactobacill* or flora)" and "["Fatty Liver" (Mesh)] AND "Probiotics"(Mesh)". We also searched the reference lists of each selected study by hand.
Inclusion and exclusion criteria
Inclusion criteria were as follows: randomized controlled trials (RCTs) with participants of any sex or ethnic origin with NAFLD/NASH, diagnosed on the basis of radiological/histological evidence of fatty liver. Exclusion criteria were as follows: other causes of hepatic steatosis or steatofibrosis such as hepatitis B, hepatitis C, autoimmune hepatitis, liver decompensation or malignancy, and genetic liver disease such as Wilson's disease and hemochromatosis.
The trials should have measured at least one of the following items: BMI, ALT, AST, total-cholesterol, LDL, HDL, GLU, TNF-α and HOMA-IR. Studies must have objective outcome measures, otherwise they were excluded from this review.
Data extraction and methodological quality
Data were abstracted independently by two reviewers and included: author, publication year, study design, population, intervention, duration and outcome. Disagreement was resolved by discussion.
Scored using the Jadad scale, we assessed the quality of the studies by the randomization method, allocation concealment, blinding of outcome assessment and follow-up. All included studies scored ≥ 4.
Statistical analysis
We analyzed the data using Review Manager 5.0. Dichotomous data were presented as odds ratio with 95%CI.
Statistical heterogeneity was measured using the χ 2 test and the I 2 . A χ 2 P value < 0.05 was considered to indicate statistically significant heterogeneity. If there was obvious heterogeneity, the random effects model was chosen; otherwise, the fixed effects model was adopted.
RESULTS
The electronic searches yielded 475 items from Medline, Embase, Web of Science, Chinese Biomedicine Database and the China Journal Full Text Database. Publication dates ranged from 1996 to 2013. After reviewing each publication, we selected 4 original studies (Figure 1) . Table 1 contains specific information on study design, randomization methods, sample size, intervention, duration of treatment and follow-up. Allocation concealment was adequate in three studies. All the studies were double-blind and included a follow-up period. The diagnosis of NAFLD/NASH was confirmed by percutaneous liver biopsy in three studies. All gave detailed Table 1 Methodological characteristics of the included studies in this meta-analysis baseline information. The main characteristics of the patients included in the two groups were well matched in all RCTs.
All four RCTs [22] [23] [24] [25] reported on BMI, but did not show a significant difference in the experimental group compared with the control group [weighted mean difference (WMD) 0.05, 95%CI: -0.18-0.29, P = 0.64]. Significant homogeneity was observed among the studies (I 2 = 0%, P = 0.77) (Figure 2A ).
Four RCTs [22] [23] [24] [25] assessed the effect of probiotics on the level of serum ALT and showed a significant difference between patients treated with probiotics compared with those treated with placebo (WMD -23.71, 95%CI: -33.46--13.95, P < 0.00001). The included studies were homogeneous (I 2 = 0%, P = 0.72) ( Figure 2B ). Three RCTs [22, 24, 25] analyzed the effect of probiotics on AST and T-chol in NAFLD/NASH patients compared with placebo. Probiotics had a significantly better effect on normalizing AST and T-chol (AST: WMD -19.77, 95%CI: -32.55--7.00, P = 0.002; T-chol: WMD -0.28, 95%CI: -0.55--0.01, P = 0.04). The included studies on AST were not homogeneous (I 2 = 56%, P = 0.1), while the studies on T-chol were significantly homogeneous (I 2 = 0%, P = 0.75) ( Figure 2C , D). Three RCTs [22, 24, 25] reported the effects of probiotics on LDL, HDL and GLU in patients with NAFLD/ NASH compared with placebo. Probiotics had a significantly better effect in reducing HDL (WMD -0.09, 95%CI: -0.16-0.01, P = 0.03), but no significant difference in reducing LDL and GLU (LDL: WMD -0.38, 95%CI: -0.78-0.02, P =0.06; GLU: WMD 0.05, 95%CI: -0.25-0.35, P = 0.76). The included studies were homogeneous (LDL: I 2 = 47%, P = 0.15; HDL: I 2 = 0%, P = 0.53; GLU: I 2 = 0%, P = 0.84) ( Figure 2E , F, G). Three RCTs [22] [23] [24] provided sufficient data to compare the effects of probiotics with those of placebo and showed a statistically significant effect for TNF-α in NAFLD/NASH patients (WMD -0.32, 95%CI: -0.48--0.17, P < 0.0001). Significant homogeneity was observed among the studies (I 2 = 0%, P = 0.56) ( Figure  2H ).
Only two RCTs [22, 24] reported the effects of probiotics on HOMA-IR in NAFLD/NASH patients. There was a significant reduction in HOMA-IR in NAFLD/NASH patients in the experimental group compared with the control group (WMD -0. 46 Aller et al [22] 28 (14/14) Vajro et al [23] 20 (10/10) Yes Double-blind Radiological Lactobacillus GG vs placebo 8 wk Yes Malaguarnera et al [24] 66 (34/32) Computer generated Double-blind Histological Bifidobacterium longum + Fos vs placebo 24 wk Yes Wong et al [25] 20 ( The level of serum ALT 0.0008). Significant homogeneity was observed among the studies (I 2 = 0%, P = 0.96) ( Figure 2I ).
DISCUSSION
NAFLD is a relevant issue in public health due to its epidemiologic burden. The prevalence of NAFLD has apparently increased in proportion to the increasing incidence of obesity in both adults and children [26] . NAFLD is closely associated with obesity and insulin resistance, and is now recognized to represent the hepatic manifestation of the metabolic syndrome. At present, there is no registered drug for the treatment of NAFLD. Although lifestyle intervention is often advocated [27] [28] , it is difficult to maintain. In 2009, Socha et al [29] performed a meta-analysis of the pharmacological interventions for NAFLD in adults and children, including pioglitazone, vitamin E, ursodeoxycholic acid, probucol, N-acetylcysteine, and low-dose carnitine. However, he was unable to draw firm conclusions on the efficacy of the various treatments for NAFLD. In 2011, Musso et al [30] found that weight loss improved liver histology and the cardiometabolic profile, as did pioglitazone. It is also important to explore new treatment strategies.
It is well known that liver and intestine have the same origin in embryology the foregut. In addition, the liver continuously receives blood from the gut through the portal system. Therefore, there is a close relationship between the intestine and liver. Evidence has shown that SIBO is present in 50% of patients with non-alcoholic steatosis [17, 31] . High-fat diet-induced obesity is associated with changes in the composition of intestinal bacteria in rats [32] [33] and in humans [34] . Therefore, changes in the composition of the intestinal bacterial content may be associated with NAFLD or obesity.
Intestinal bacteria may be involved in the etiology of NAFLD by enhancing intestinal permeability [35] , direct activation of inflammatory cytokines via release of lipopolysaccharide (LPS) and favoring absorption of endotoxins [36] . Endotoxins activate Kupffer cells in the liver and increase the production of TNF-α and IL-6, which contributes to the onset of liver fibrosis [31, [37] [38] . Furthermore, a complex mechanism involving extensive lipid accumulation, systemic inflammation, oxidative stress, and insulin resistance causes cytotoxicity and exacerbated hepatopathy [39] [40] . Serum ALT and AST levels are well-recognized clinical markers of liver damage and may be involved in the pathogenesis of NAFLD. Cholesterol is also a risk factor for NAFLD. Liver damage can lead to elevated cholesterol or reduced HDL in the blood. TNF-α is secreted directly by hepatocytes and Kupffer cells in the liver [41] . Many studies have shown a relationship between TNF-α expression and NAFLD [42] [43] . Assessment of insulin resistance by HOMA-IR has been widely utilized in clinical studies of NAFLD [44] [45] . In four RCTs, ALLER, Wong et al [25] reported that probiotics improved liver aminotransferase levels in patients with NAFLD, while Malaguarnera concluded that probiotics reduced TNF-α, serum AST levels and HOMA-IR. Our meta-analysis showed that probiotics significantly reduced ALT, AST, T-chol, TNF-α and HOMA-IR, which are all related to the process, development and consequences of NAFLD. However, the level of HDL was significantly increased in the placebo treatment compared with probiotic treatment, which was contrary to expectation. It is possible that the elevation in HDL requires long-term treatment or there are other mechanisms which have not been explored.
The change in cholesterol level in our study should be emphasized, as Gilliland et al [46] in the early 1990s found that regular consumption of probiotics reduced cholesterol levels. Over several decades, more and more researchers confirmed that probiotics can lead to a de- Heterogeneity: χ 2 = 0.00, df = 1 (P = 0.96); I 2 = 0%
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Favours experimental -100 -50 0 50 100 Favours control HOMA crease in serum cholesterol in animals and humans [47] [48] [49] [50] . However, these RCTs did not report the positive effects of probiotics on reducing cholesterol in NAFLD/NASH patients, while the findings of the present meta-analysis supported the reduction of cholesterol in NAFLD/ NASH patients. From this meta-analysis, we can conclude that probiotics have positive effects in patients with NAFLD/NASH.
Of the four RCTs included in this meta-analysis, the studied probiotics included lactobacillus, bifidobacterium and streptococcus. Two studies also determined the effect of probiotics combined with fructo-oligosaccharides in NAFLD [24, 25] . Bifidobacteria colonize the intestinal tract soon after birth and are the major components of the microbial barrier in healthy humans. Bifidobacteria produce a range of beneficial effects on host health [51] [52] . Lactobacilli and streptococcus are also beneficial, although they are present at much lower levels in the human colon [52] . Probiotics have been shown to enhance the barrier function of epithelial cells [53] and decrease intestinal permeability and endotoxemia in patients with liver disease [54] . At the same time, probiotics can also influence host metabolism in several other ways, such as regulation of energy extraction from nutrients and modulation of genes involved in substrate metabolism [55] . A prebiotic is a nondigestible food ingredient. Due to the general properties of prebiotics, they can influence the growth, activity and metabolites of probiotics [56] . Fructo-oligosaccharides are now becoming increasingly popular due to their prebiotic effects. They can be fermented by bifidobacteria and lactobacilli [57] . Fructooligosaccharides can lead to bifidobacteria becoming the dominant species in the large bowel [58] and may help to control or reduce the growth of harmful bacteria [59] . In animal models, treatment with oligofructose reduced adipose tissue inflammation, oxidative stress and led to an improvement in glucose tolerance and to a reduction in body weight, which were beneficial in patients with NAFLD [60] . In conclusion, probiotics and prebiotics are important mediators of diet-induced metabolic disturbances in NAFLD.
There are several limitations to this review. It is well known that liver histology is the gold standard for NAFLD/NASH. Although ultrasonography is reasonably accurate, it cannot identify fatty infiltration of the liver below a threshold of 30%. In our review, three RCTs used liver histological response as an outcome index evaluating the effectiveness of probiotics in the treatment of NAFLD. Regretfully, only one RCT had post-treatment histology results. The diagnostic criteria for NAFLD in another trial included increased ultrasonographic bright liver. Three trials included patients aged 18-70 years, while one trial included children. The researchers ignored the dietary restrictions, exercise and physical activities as in almost all studies they were not described. The sample sizes in some trials, as well as the number of trials for some comparisons, were small. Existing data are difficult to reconcile, given the use of different strains, dosages and duration of treatment.
COMMENTS
Background
The prevalence of and mortality due to nonalcoholic fatty liver disease (NAFLD) are increasing worldwide. Diet and lifestyle changes are primary therapies in the management of NAFLD patients. However, most drug therapies are not licensed for NAFLD. Recent evidence suggests that malfunction of the gutliver axis contributes to hepatic damage in rats and humans with NAFLD, and probiotics play a fundamentally important role in health and disease. Thus, it was necessary to conduct a meta-analysis to assess the effects of probiotics on liver function, fat metabolism and insulin resistance in NAFLD patients.
Research frontiers
A probiotic is a live microbial culture or cultured dairy product and the human intestinal microbiota is composed of 10 13 -10 14 microorganisms. The gut-liver axis indicates that changes in the composition of the intestinal bacterial content are associated with NAFLD. Most therapies are not licensed for the prevention of NAFLD. Therefore, a research hotspot is whether treatment with probiotics is effective in patients with NAFLD.
Innovations and breakthroughs
In 2009, Socha et al performed a meta-analysis of pharmacological interventions for NAFLD in adults and children, including pioglitazone, vitamin E, ursodeoxycholic acid, probucol, N-acetylcysteine, and low-dose carnitine. However, he was unable to draw firm conclusions on the efficacy of various treatments for NAFLD and he did not study the effect of probiotics. Research on probiotics in rats is popular. However, there have only been a few large randomized controlled trials (RCTs), and the results were inconsistent. Therefore, the aim of this study was to conduct a meta-analysis of the pooled data from RCTs to assess the efficacy of probiotic therapies in modifying liver function, fat metabolism and insulin resistance in patients with NAFLD/nonalcoholic steatohepatitis.
Applications
Probiotic therapies can reduce liver aminotransferase levels, serum cholesterol and tumor necrosis factor-α and improve insulin resistance in patients with NAFLD. Thus, modulation of the gut microbiota using probiotics may represent a new method of treating or preventing NAFLD.
Terminology
NAFLD is characterized by large vacuoles of triglyceride which accumulate in liver cells via the process of steatosis in non-alcohol users. The condition can progress into more serious liver diseases, such as nonalcoholic steatohepatitis, liver fibrosis, cirrhosis, and more rarely, liver carcinoma. A probiotic is a live microbial culture or cultured dairy product, which plays a fundamentally important role in health and disease. The human intestinal microbiota is composed of 10 13 -10 14 microorganisms whose collective genome contains at least 100 times as many genes as our own genome, representing 500-1000 species in total.
Peer review
This meta-analysis is an interesting revision on the present knowledge on probiotics and NAFLD but again introduces the difficulty in obtaining unequivocal correlations between biochemical changes and pharmacological treatment or lifestyle modifications, including the inclusion of probiotics in diet. This metaanalysis suggests that liver inflammatory markers become significantly reduced with the use of probiotics and this has been interpreted as indirect evidence of the effect on inflammation and liver damage by the intervention. Nevertheless, the meta-analysis concludes that many of the data analyzed remain without modification on pooled analysis with the inclusion of probiotics. All of these data make it difficult to assess the real effect of probiotics on NAFLD. Nevertheless, the data obtained by this meta-analysis are interesting since they demonstrate the complexity of the factors which may influence the development of NAFLD.
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